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DESCRIPTION 

CULTURE MEDIUM FOR CULTURING A MICROORGANISM. AND 
PROCESSES OF PRODUCING UNSATURATED FATTY ACIDS AND LIPIDS 
5 CONTAINING THE SAME 

Technical Field 

The present invention relates to a novel culture 
medium for culturing a microorganism, and a process of 
producing an unsaturated fatty acid-containing lipid that 
10 can be obtained by culturing a microorganism belonging to 
the genus Mortierella capable of producing unsaturated 
fatty acids in said medium. 
Background Art 

Arachidonic acid, dihomo-y-linolenic acid, 

15 eicosapentaenoic acid. Mead acid and the like are said to 
be precursors of prostaglandins, thromboxanes, 
prostacyclins, leukotrienes and the like that have potent 
and a variety of biological activities, and thereby are 
attracting much attention in recent years. For example, 

2 0 a rapid progress has been made on the study of 

arachidonic acid, as of docosahexaenoic acid (DHA) as a 
ingredient essential especially for the growth of 
infants; Lanting et al. have carried out a follow-up 
study on infants bred with breast milk and those bred 

25 with infant formula for three weeks or longer after birth 
until they grew up to the age of nine years old for the 
incidence of minor disorders in the cerebral nerves based 
on their behavioral aspects etc. and have reported that 
the incidence of cerebral disorders in the children bred 

30 with infant formula is twice as high as that of the 

children bred with breast milk (LANCET, vol. 344, 1319- 
1322 (1994) ) . 

It has been speculated that this shocking result is 
due to the possibility that such unsaturated fatty acid 
35 as DHA and arachidonic acid that are present in the 
breast milk but not in the infant formula may be 
associated with the development of the brain. Since 
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then, many reports have appeared that suggest the 
association of unsaturated fatty acids with the 
development of the infant's brain and retina, which is 
attracting attention as the latest topic in the field of 
5 nutrition for preterms and newborns. 

These unsaturated fatty acids widely occur in the 
animal kingdom: for example, arachidonic acid has been 
isolated from a lipid that was extracted from the adrenal 
gland or the liver of animals. The content of 

10 unsaturated fatty acids therein, however, is low and was 
insufficient for its large scale supply, and therefore 
various methods have been devised to obtain unsaturated 
fatty acids by culturing various microorganisms. Among 
others, microorganisms belonging to the genus Mortierella 

15 are known to produce unsaturated fatty acids such as 

arachidonic acid, dihomo-y-linolenic acid, 
eicosapentaenoic acid. Mead acid and the like and thus 
methods have been developed that produce said unsaturated 
fatty acids by the fermentation method using these 

20 microorganisms (Japanese Unexamined Patent Publication 
(Kokai) No.. 63(1988)-44891, Japanese Unexamined Patent 
Publication (Kokai) No. 63 ( 1988 ) -12290 , Japanese 
Unexamined Patent Publication (Kokai) No. 63 ( 1988 ) -14696 , 
and Japanese Unexamined Patent Publication (Kokai) No. 

25 63( 1988)-14697) . 

There is also known a method of producing Mead acid 
using a mutant strain in which the A12 desaturating 
activity has been reduced or defected that can be 
obtained by subjecting an organism of the genus 

30 Mortierella to a mutation treatment (Japanese Unexamined 
Patent Publication (Kokai) No. 5 ( 1993 ) -91888 ) . 
Furthermore, there is also known a method of producing 
dihomo-y-linolenic acid using a mutant strain in which 
the A5 desaturating activity has been reduced or 

35 defected that can be obtained by subjecting an organism 
of the genus Mortierella to a mutation treatment 



- 3 - 



10 



•r,oH patent Publication (Kokai) No. 
(Japanese Unexamined Patent ir-u 

5(1993)-91887) ,^^,,,,,,ion production is carried 

However, when a fermen ^^^3 f^^gus like 

out in a liquid .ediu. results in 

the genus EQrtierella, cellul g ^^^^^^^ ^^^.^^ 
the enhanced viscosity of the q ^ ^.ethod 

the ensuing -^-^:^l^.orr..o.^. .0. 
(Japanese Unexamined ^^^^^^ ^ dissolved oxygen developed 

::o::Caw "^^^^ P--d an important 
to overcome the above ara sufficient to 

role in enhancing P^-^^""^^"/: /^..^o^ically excellent 
attain hi,h proauct.v.ty ^^^J^ ^l^^ 

on an industrial scale. Thereby, ^^^^^ 

development o. trice nutrients, 

, for more ^-^^^^'"^J^"",, morphology to improve 
the method of regulating myceii iterative. 

„f (-ha liquid culture medium is impera 
fluidity °^ technological development, 

AS a strategy for sue ^^^^^nts on mycelial 

the effect of adding salts as tr 

u T„„„ »ra being investigated. There a 
:0 morphology are J ^^^^ potassium. 

reports on effect 01 ^ho^nhoric acid among 

sodium, calcium, magnesium an^ P^^^^^^^^^^ 

others (international 8(1996)-214893, 
unexamined Patent Publication ,,,,3,, 

Biotechnology Lett., Vol. i , ,1989), 

vukagaku (Oil Chemistry) Vol. 37 . 

.ukagaku (Oil chemistry, vol 42. 11, P ^^^^ 

°" -e other -rlf'mre ag ^esslvely enhancing 

30 investigated the ^f^" ° ^cids by adding 

the Productivity o '^^J^^;;^^^^^ „, ^ nigher 

reLruronLpt of ;;:-;:re\rffcrs"r^^ 

.ud no reports ^ " rcelial morphology and 

" ri:id^ro:::siti:r » is, therefore, desired to 
optimize the method of adding ions. 
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.,.c.osu.e o. p.e.en. invention .0 

Thus, It IS an OD] containing 
,.ovi.e a process " /J^/^Uon o. 

unsaturated fatty acids by afittiSMlla- sa.d 

microorganism belonging " « „edium to 

process comprising adding sal ^..^ds, more 

improve t.e productivity -"/j; accumulation of 

specifically all of -;;°^^:,:\retc;mulation of total 
unsaturated fatty acids, and t ^^^le 

lipids, and thereby -"""^"^^/^///^^.ed fatty acids. 

::rrr ..... .=» ■• 

in order to soxve „„r-<»hensive study 

inventors have carried "fJ^J^l^^,^ . culture 
concerning the effects of ^^^^^ unsaturated 
medium «th respect " morphology and 

, ..tty acids but Changes ^^^^^^^^^ 

lipid composition. .^^^s of 

- - m^nesium. and phosphate at 

potassium, sodium, calciu , ^ ^^^^^^^ m^„„er and 

defined concentrations ^"J » 

25 thereby have -'"■"P^-"^ i„,ention provides a culture 

Thus, the present „,ich phosphate 

medium for culturing ^ „,,„esium ions, and 

ions, potassium ions. =<"^-" ^° „ mM, 5 to 60 mM, 

calcium ions are in the range .respectively. 
30 2 to 50 mM. 0.5 to 9 "^^^ productivity of 

and a process ^^^''^^^^^^^Zts,.. a lipid containing 
producing unsaturated fatty ^ .i^^mentous fungus 

r p::::oriarrmrcrr:a"em belongmg to the genus 

35 MsrtiereUa. ^^3-. as used herein 

term — ^-^^//J^^^'J, ,e or more carbon atoms 
refers to the fatty acids having 
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and one or more double bonds. Among these, those having 
18 or more carbon atoms and two or more double bonds are 
generally called highly unsaturated fatty acids, which 
for example include y-linolenic acid, dihomo-y-linolenic 
5 acid, arachidonic acid, eicosapentaenoic acid. Mead acid, 
6, 9-octadecadienoic acid, 8, 11-eicosadienoic acid and the 
like . 

Embodiment for Carrying Out the Invention 

The culture medium for culturing a microorganism of 

10 the present invention contains phosphate ions, potassium 
ions, sodium ions, magnesium ions, and calcium ions in 
the range of 5 to 60 mM, 5 to 60 mM, 2 to 50 mM, 0.5 to 9 
mM, and 0.5 to 12 mM, respectively, preferably in the 
range of 10 to 45 mM, 10 to 45 mM, 5 to 40 mM, 1 to 6 mM, 

15 and 1 to 9 mM, respectively, and can be used for 

culturing a microorganism for example a filamentous 
fungus . 

In the case of a microorganism belonging to genus 
Mortierella capable of producing unsaturated fatty acids, 

2 0 the unsaturated fatty acids can be obtained at a high 

yield from the culture by using the culture medium of the 
present invention. The culture medium of the present 
invention may contain, as appropriate, ingredients such 
as a carbon source, a nitrogen source, a trace nutrient 

25 source etc. in addition to phosphate ions, potassium 
ions, sodium ions, magnesium ions, and calcium ions 
depending on the microorganism to be used. 

According to the present invention, microorganisms 
used in the production of a lipid containing unsaturated 

30 fatty acids may be any organism belonging to genus 

Mortierella . For example, these microorganisms include 
such microbial strains as are described in MYCOTAXON, 
Vol. XLIV, No. 2, pp. 257-265 (1992), and more 
specifically include microorganisms belonging to the 

35 subgenus Mortierella such as Mortierella elonaata IFO 

8570, Mortierella exiaua IFO 8571, Mortierella hvaroohila 
IFO 5941, Mortierella alpina IFO 8568, ATCC 16266, ATCC 
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32221, ATCC 42430, CBS 219.35, CBS 224*37, CBS 250*53, 
CBS 343.66, CBS 527.72, CBS 528.72, CBS 529.72, CBS 
608.70, and CBS 754.68; and microorganisms belonging to 
the subgenus Micromucor such as Mortierella isabellina 
5 CBS 194.28, IFO 6336, IFO 7824, IFO 7873, IFO 7874, IFO 

8286, IFO 8308, IFO 7884, Mortierella nana IFO 8190, 
Mortierella ramanniana IFO 5426, IFO 8186, CBS 112.08, 
CBS 212.72, IFO 7825, IFO 8184, IFO 8185, IFO 8287, and 
Mortierella vinacea CBS 236.82. 
10 These microbial strains are all available without 

limitation from the Institute for Fermentation, Osaka, in 
Japan, the American Type Culture Collection (ATCC) in the 
USA, and the Centraalbureau voor Schimmelcultures (CBS) 
in the Netherlands. Furthermore, the microbial strain 
15 Mortierella elonaata SAM 0219 (FERM P-8703) (FERM BP- 
1239) that was isolated from the soil by the inventors 
may be used. These microbial strains belonging to type 
cultures and microbial isolants isolated from the nature 
can be used as they are, and there can also be used 
20 spontaneous mutants that were obtained by effecting 

growth and/or isolation once or more and that have a 
property different from the original microbial strain, . 

Microorganisms for use in the present invention can 
include the mutants and recombinants of the organisms 
25 belonging to the genus Mortierella (wild type strain), 
that is, the organisms intended and designed to produce 
an increased amount of specific and/or all unsaturated 
fatty acids in a lipid or an increased amount of total 
lipids, or an increased amount of both of them in 
30 comparison with an amount produced by the original wild 
type strain when cultured in the same medium. For 
example, as a mutant that was designed to produce an 
increased amount of specific unsaturated fatty acids, 
there can be mentioned Mortierella alpina SAM 1861 (FERM 
35 BPj^3^590) in which the A12-desaturating activity has been 
cted, and Mortierella alpina SAM 1860 (FERM BP-3589) 
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Furthermore, there i „^_„rated fatty acids at 
..a. was .esi,nea « P^J^/t^rrrspon^in, wild .vpe 
an amount equal to that o£ the ^^^^ p«£orn>an=e 

.train using a substrate having 
in an efficient manner. ^^^^ 

Microorganisms --;-^^;;^;,rng to a conventional 
ISaSiiW^ can be -"";^^^„,,i,„, of phosphate rons. 
method except that the """"^ ^^^.^ i.ns, and calc.um 
0 potassium ions, -^"^/""^^Hdlusted to be in their 
ions in the culture "^^t^^^^-mentioned 
.pecific "-e. --xample. ^^^^^^ 
microorganisms in tn . i„ advance are 

preculture obtained "^'^ culture medium or a 

inoculated and "^""^"//./carbon source, any of the 
solid culture medium. M saccharose, 
commonly used glucose, ' glycerol, mannitol. 

maltose, soluble -^jX'.l/e can be used, and 

citric acid, corn ^"/^^^ ,„ctose, corn starch, 

,0 in particular ^^^^^^l "^";;;;«ferred. 

glycerol, and citric ^^J^^J^ J' „,„ogen sources 

AS the nitrogen source, 9 ^^„act, meat 
such as peptone, ^-"/''"^^^^r.p liquor, urea, and the 
extract, casaminic acid, c ammonium 

3, U.e and -"-^^^ ^rX-alt^tne U.e can be used. Xn 
nitrate, ammonium sulfate, „ sources 

particular, by using °he or -re „,,n the 

Obtained from soy beans ^^^^^^^^ synergistic 

above nitrogen _ obtained. 



30 



35 



above nitrogen sour.=.. obtained, 
effect of adding salts can be °b ^^^^^^^ 

furthermore, as the h^"°f/J^^ ,eans that were 
beans, defatted soy beans o, ^^^^ ^^^^^^^^ 

subjected to a heat tre ^ chemical 

alkali treatment, an ^"^^ "^„^/c, „naturation using a 

modification, or comprising any of the 

Chemical --^'-^^^thr rem^at of some of the components 
above treatments, tne 
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solvent- the removal of some 
water a.O/or an ^^^^^^^J^.^^'^^ .e„trifu,a.ion, 
the components by ^.^ving and the 

U.e; or ""/^ used either alone or 

.he same , ,,ere can be mentioned soy 

co.binat.ons n ,,,,, 

beans, ,,^3 ,oKara,, soy bean mxlk, 

bean proteins, bean cura 

roasted soy bean flour <''--^°' ,„,jected to 
preferably the defatted soy ^--/^^J^^^ ,,,,«3d soy 
. heat : -eatment at about ,0 

beans that were subjected ethanol-soluble 
. 90 "C followed by the removal of the et 
components are used. ootassium ions, 

„ addition to P''-P'>"^/°;;;,",,,„ ions, there can 
sodium ions, magnesium 10ns, and „„„i«„t, 
be used, when desired, as a ""J f^'/^^^ ,o„3, 

„atal ions such as . ^ J/f^^/,: and 

..„,anese ions nic.el .ons and cob^^^^^^^^ ^^^^^ 

vitamins and the Irke ^ 
unsaturated fatty acids, there hydrocarbon such as 

precursor to unsaturated ^^^^J ^f^^; ^^^^ acid 
hexadecane or o="^-ane, f atty ^^^^^ ^^^^ ^^^^^^ 

or linoleic acid or salts ^^^^ 
such as ethylester as olive oil, 

sorbitan '-^^/-^//^tl^.^ottL seed oil, or coconut 
soy bean oil, rapeseed , oombination. The 

oil can be used either ^^°^^J'J preferably 
amount of the substrate -^^^^^^^^'^ ^ oarried out 
0.5 to 10%. in addition ^^^"""^ ^^^.^ oarbon source. 

^•f 1-hese substrates as tne soj.« 
using one of these s present invention, 

in the culture medium of the pr 

•^vQcont in the rangts ^j- 
phosphate ions ^-^-^^^^ ^ go mM, sodium ions in 

potassium ions in the range ot ^^^^^ 
+-0 50 mM, magnesium ions i" 
5 the range of 2 to mr , ^ •„ ^.v^e range of 0.5 to 12 
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20 



25 



30 



35 



„f 10 to 45 rm, potassium ions are in 
are in the range o£ 10 to 4b mn, v 

tne range of 10 to 45 r^. -^"^ ^//^ , , ^. 

5 to 40 m. magnesium ions are .n ^^^^ 
ana calciu. ions are in the -^^^ ^ " 

TattrsLrasr/otrsfir^^^^^^^^^ e. 

rs:ra::^::r:rsTr^^^^^^^^^^^^^ 

Uhate .otassi^^^^^^^^^^^^ 

potassxum chlorxde ^^J dihydrogen phosphate, 

disodium hydrogen P^^^^^^^^' sodium ions, 

sodium Chloride and/or f ' 3^,^ sulfate 

salts such as magnesium ^^^^^^^^ 

for magnesium ions, and salts such as ^.^^ 

a„a.or ^^^^^2:t:::^^^ —z^^^ - 

r/arrgts :r;oes not inhi.it the gro.th o. 
microorganisms. hydrates or anhydrides. 

'"^^ "tl: Talts de cribed'a.ove are combined, as 
furthermore ^^^/^^^^^^ concentrations in 

appropriate - - " indention. For example, by 
the range of the present as potassium 

wending certain amounts of 4 compo ^^^^^^^ 
dihydrogen phosphate (KB,PO.), anhyar ^, „ „d 

,Zo.U magnesium Chloride hexahydrate (MgCl.eH.O,. 
calcium Chloride dihydrate (CaCl,-2H.O, , certain 
concentrations of ions of the present invention can be 

^"^"::;rding to the present invention, the addition of 
.uch salts substantially increases the yreld of 

unsaturated fatty acids, -"''^^t^^^rculture 
effects on mycelial morphology m the liqui 

be specified becaus Of the ef f ects .om^^^ ^^^^ 

irorarsratr:: amount Of the Phosphate 
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added results in an increased proportion of the mycelia 
in the pulp form, and an increased amount of magnesium 
added results in an increased proportion of the mycelia 
in the pellet form. Growth in the pulp form increases 
5 the viscosity of the liquid culture medium and reduces 
fluidity and the concentration of dissolved oxygen, 
thereby causing a reduction in the yield. 

Growth in the pellet form, on the other hand, seldom 
results in an increase in viscosity and thereby a high 

10 fluidity is maintained, but the pellet wall provides a 

rate-liming factor of oxygen supply and causes a 
reduction in the yield. We have found, however, that by 
adding said ions at certain concentrations in a well- 
balanced manner, excessive pulp-formation and excessive 

15 pellet-formation can be controlled and the mixed state of 
the pulp and the pellets can be maintained. This 
technique has enabled it easy to control mycelia 
morphology and to obtain very high yields. 

The lipid containing unsaturated fatty acids 

2 0 obtained as described above are mostly triglycerides, and 
the percentage of phospholipid increases with an increase 
in the amount of phosphate added to the medium. We have 
discovered, however, that by adding potassium ions, 
sodium ions, magnesium ions, calcium ions in addition to 

25 phosphate ions in a well-balanced manner the percentage 
of the triglycerides in the microbial lipids can be 
maintained at 90% or higher. When the target lipid is 
triglycerides, high recovery can be maintained by mixing 
the added salts in a well-balanced manner within the 

30 ranges as specified herein. 

The above carbon source, nitrogen source, and other 
components of the medium can be added to the culture 
medium before culturing and/or to the liquid culture 
medium during culturing. These components of the culture 

35 medium can be added at one time or sequentially, or in 
several portions over time. These components of the 
culture medium can be sterilized and added alone or after 
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mixing, and the method of sterilization or the order of 
adding are not particularly limited. Preferably the 
carbon source and the nitrogen source are separately 
sterilized, and the salts are added by the end of the 
5 logarithmic growth, more preferably before the middle of 
the logarithmic growth. The concentrations of the other 
components of the culture medium that do not affect the 
concentrations of phosphate ions, potassium ions, sodium 
ions, magnesium ions, and calcium ions are not limited so 

10 long as they do not inhibit the growth of the 
microorganism . 

Practically, the total amount of the carbon source 
to be added is in general 0.1 to 40% by weight, 
preferably 1 to 2 5% by weight, the total amount of the 

15 nitrogen source to be added is 0.01 to 10% by weight, 

preferably 0.1 to 10% by weight, and more preferably the 
initial amount of the carbon source to be added is 1 to 
5% by weight and that of the nitrogen source to be added 
is 0.1 to 6% by weight, and during culturing the carbon 

2 0 source and the nitrogen source, more preferably the 
carbon source alone, are added and cultured. The 
culturing temperature is 5 to 40°C, preferably 20 to 
30°C. Furthermore, it is also possible to produce 
unsaturated fatty acids by growing the microbial cells at 

25 20 to 30°C followed by culturing at 5 to 20°C to produce 

unsaturated fatty acids. 

The pH of the culture medium is 4 to 10, preferably 
5 to 8, and an aeration and agitation culture, a shaking 
culture, or a stationary culture is carried out. The 

30 culturing is generally continued for 2 to 20 days. By 
culturing in this way, a lipid containing unsaturated 
fatty acids is formed and accumulated in the microbial 
cells. In the production of unsaturated fatty acids, the 
aeration and agitation culture with a liquid culture 

35 medium is preferred. 

The desired lipid can be obtained by a conventional 
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method from the liquid culture medium in the middle of 
producing the lipid by culturing or the sterilized liquid 
culture medium thereof, or from the liquid culture medium 
after the completion of culturing or the sterilized 
5 liquid culture medium thereof, or the cultured microbial 
cells collected from the respective cultures or the dried 
products thereof. From the cultured microbial cells, the 
desired lipid can be obtained, for example, by the 
following method. 

10 After culturing is over, the cultured microbial 

cells can be obtained from the liquid culture medium by a 
conventionally used method of separating the solid from 
the liquid such as centrif ugation and/or filtration. The 
cultured microbial cells are preferably washed with 

15 water, disrupted, and dried. Drying is effected by 
lyophilization, air-drying, and the like. The dried 
microbial cells are subjected to extraction with an 
organic solvent preferably under a stream of nitrogen. 
As an organic solvent, ether, hexane, methanol, ethanol, 

2 0 chloroform, dichloromethane, petroleum ether and the like 
can be used, and satisfactory results can be also 
obtained by an alternate extraction with methanol and 
petroleum ether or a single-layer solvent comprising 
chlorof orm-methanol-water , and preferably extracted with 

25 hexane. 

By evaporating the organic solvent from the extract 
under reduced pressure, a high concentration of a lipid 
containing unsaturated fatty acids can be obtained. The 
above method can be replaced with extraction using the 

30 wet microbial cells. In this case, a water-miscible 
solvent such as methanol or ethanol, or a mixture of 
these solvents with water and/or other solvents are used. 
The other procedures are the same as described above. 
The unsaturated fatty acids-containing triglycerides from 

35 the unsaturated fatty acids-containing lipid collected 

from the culture can be separated and purified according 
to a conventional means such as solvent extraction, the 
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removal of the solvent, followed by deacidif ication, 
decolorization, deodorization, degumming, or refrigerated 
centrif ugation and the like. 
Examples 

5 The present invention will now be explained in 

further details with reference to the following examples. 
Example 1 . 

Mortierella alpina CBS 754.68 was used as an 
arachidonic acid-producing microorganism. Each of four 

10 culture media containing 2% of glucose, 0.1% of soy bean 
oil, and the nitrogen source and salt components 
described in Table 1 in 5 liters was prepared in a 10- 
liter fermentor, and the initial pH was adjusted to 6.0. 
Fifty ml of the liquid preculture was inoculated and an 

15 aeration/agitation culture was carried out for 8 days at 
2 8°C, an aeration rate of 1.0 vvm and an agitation speed 
of 300 rpm. The glucose concentration was maintained at 
between 1% and 2% by fed-batch method till day 4, and at 
between 0.5% and 1% thereafter. 

20 As a result of culturing, it was found that the 

amount of arachidonic acid produced increased by 1.35 
fold when all 5 ions were added to the yeast extract 
medium and by 1.68 fold when added to soy bean protein, 
confirming the effectiveness of the addition of salts. 

2 5 When potassium hydrogen phosphate alone was added, no 
increase was noted in the amount of arachidonic acid 
produced. 

In addition to the amount of arachidonic acid 
produced, the amount of each component was quant itated 

30 using the TLC/FID analyzer (latroscan manufactured by 

latron) after the lipid was extracted with hexane from 
the microbial cells obtained followed by the 
fractionation of lipid by the TLC method under a 
separation condition of hexane : diethylether : formic 

35 acid =42 : 28 : 0.3. 

As a result, it was found that the addition of 
potassium hydrogen phosphate alone resulted in an 
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increase in the percentage of phospholipids in the lipid 
of the microbial cells extracted with hexane, and, on the 
other hand, the addition of all four kinds of salts 
including potassium hydrogen phosphate produced the lipid 
5 composition similar to that obtained with no addition of 
salts, thereby confirming that the addition of all ions 
in a well-balanced manner gives lipids with a high 
triglyceride content when the desired product is 
triglyceride. 
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Example 2 , 

Mortierella alpina CBS 754.68 was used as an 
arachidonic acid-producing microorganism. Each of four 
culture media containing 2% glucose, 1.5% roasted soy 
5 bean flour (kinako), 0.1% soy bean oil and the salts 

shown in Table 2 in 25 liters was prepared in a 50-liter 
fermentor, and the initial pH was adjusted to 6.2. Fifty 
milliliters of the liquid precultrue was inoculated 
thereinto and then was subjected to an aeration/agitation 

10 culture at 2 8 °C, an aeration rate of 1.0 vvm, an 

agitation speed of 300 rpm, and a fermentor internal 
pressure of 200 kPa for 8 days. The glucose 
concentration was maintained at between 1% and 2% using 
fed-batch method till day 4 and at 0.5% and 1% 

15 thereafter. 

After culturing, the production of arachidonic acid 
increased by the addition of salts, confirming the 
effectiveness of salt addition and the effective 
concentration ranges . 

20 Table 2 



Amount of KH2PO4 
added 


0% 


0.075% 
(5.5 mM) 


0.3% 
(22 mM) 


1.2% 
(88 mM) 


Amount of 
MgCl^-GHaO added 


0% 


0.0125% 
(0.61 mM) 


0.05% 
(2.5 mM) 


0.2% 
(9.8 mM) 


Amount of NaaSO^ 
added 


0% 


0.025% 
(1,8 mM) 


0.1% 
(7.0 mM) 


0.4% 
(28 mM) 


Amount of 
CaCl2-2H20 added 


0% 


0 .0125% 
(0.85 mM) 


0.05% 
(3.4 mM) 


0.2% 
( 14 mM) 


Amount of 
arachidonic acid 
produced 


2.11 
g/L 


2.61 g/L 


2.90 g/L 


1.95 g/L 



Example 3 . 

Mortierella alpina CBS 754.68 was used as an 
25 arachidonic acid-producing organism. Each of four 

culture media containing 2% glucose, 1.5% defatted soy 
powder, 0.1% soy bean oil and the salts shown in Table 3 
in 25 liters was prepared in a 50-liter fermentor, and 
the initial pH was adjusted to 6.0. Fifty milliliters of 
30 the liquid precultrue was inoculated thereinto and then 
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was subjected to an aeration/agitation culture at 28 °C, 
an aeration rate of 1.0 vvm, an agitation speed of 300 
rpm, and a fermentor internal pressure of 2 00 kPa for 8 
days. The glucose concentration was maintained at 
5 between 1% and 2% using fed-batch method till day 4 and 
at between 0.5% and 1% thereafter. 

In the salt-free culture medium, the microorganisms 
propagated with the mycelial morphology at a mixed state 
of the pellet and the pulp types and the majority of the 

10 pellet type took the rice grain form with a size of about 
0.5 to 1.5 mm. In the medium into which only phosphate 
ions were added, the microorganism propagated in the form 
of very thin pulp and the fluidity of the culture medium 
substantially decreased. On the other hand, in the 

15 culture medium into which magnesium ions, calcium ions, 
and sodium ions were added, most of the microbial cells 
took the globular pellet form with a diameter of about 1 
to 2 mm, and the result proved to be high in fluidity but 
low in the lipid content per the microbial cells. 

20 However in the culture medium into which all four salts 

were added, the culture took the form of a mixture of the 
fine globular pellet and the pulp types, in which 
fluidity was not deteriorated and a high lipid content 
was obtained, thereby attaining an enhanced yield of 

25 arachidonic acid. 

Table 3 



Amount of KH2PO4 
added 


0% 


0% 


0.3% 
(22 mM) 


0.3% 
(22 mM) 


Amount of 
MgClj-eHjO added 


0% 


0.025% 
(1.2 mM) 


0% 


0.025% 
(1.2 mM) 


Amount of NajSO^ 
added 


0% 


0.05% 
(3.5 mM) 


0% 


0.05% 
(3.5 mM) 


Amount of 
CaCla-aHjO added 


0% 


0.025% 
(1.7 mM) 


0% 


0.025% 
(1.7 mM) 


Amount of 
arachidonic acid 
produced 


2.30 

g/L 


2.20 g/L 


2.33 g/L 


3.10 g/L 



30 



Example 4 . 

Mortierella elonaata IFO 8570, Mortierella exiaua 
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IFO 8571, and Mortierella hyarophila IFO 5941 were used 
as the arachidonic acid-producing microorganisms. Each 
of six culture media containing 2% glucose, 1.5% edible 
soy bean protein (manufactured by Ajinomoto Co. Ltd., Es- 
5 san Protein SS), 0.1% rapeseed oil and the salts shown in 

Table 4 in 25 liters was prepared in a 50-liter 
fermentor, and the initial pH was adjusted to 5 . 8 . An 

aeration/agitation culture was initiated at 2 4 °C, an 
aeration rate of 1.0 vvm, an agitation speed of 200 rpm 

10 and a fermentor internal pressure of 1.0 kg/cm^G, and the 
culturing was continued for 7 days. Using the fed-batch 
method, the glucose concentration was maintained at 1.5% 
till day 5 and no glucose was added thereafter. Glucose 
was depleted at the end of culturing for 7 days. 

15 As a result, enhancement in the arachidonic acid 

yield by salt addition was confirmed. 

Table 4 



Amount of KH2PO4 added 


0% 


0.3% (22 mM) 


Amount of MgCl2*6H^O added 


0% 


0.05% (2.5 mM) 


Amount of NajSO^ added 


0% 


0.1% (7.0 mM) 


Amount of CaCl2'2H20 added 


0% 


0.05% (3.4 mM) 


Mortierella elonaata IFO 8570 
Amount of arachidonic acid 
produced 


1.50 g/L 


2.20 g/L 


Mortierella exiaua IFO 8571 
Amount of arachidonic acid 
produced 


1.20 g/L 


1.45 g/L 


Mortierella hyarophila IFO 5941 
Amount of arachidonic acid 
produced 


1.25 g/L 


1.45 g/L 



2 0 Example 5. 

Mortierella alpina CBS 754.68 was used as an 
arachidonic acid-producing microorganism. Each of six 
culture media containing the initial concentrations of 2% 
glucose, 0.1% soy bean oil and the nitrogen source and 

2 5 the salts shown in Table 5 containing also the added ones 
by the fed-batch method in 25 liters was prepared in a 
50-liter fermentor, and the initial pH was adjusted to 
6.0. One hundred milliliters of the liquid precultrue 



# 
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was inoculated thereinto and then was subjected to an 
aerated agitation culture at 24 °C, an aeration rate of 
1.0 vvm, an agitation speed of 200 rpm, and a fermentor 
internal pressure of 200 kPa for 8 days. 
5 Using the fed-batch method, the glucose 

concentration was maintained at between 1% and 2% till 
day 4 and at between 0.5% and 1% thereafter. When the 
nitrogen source was added by the fed-batch method in the 
middle of culturing, agitation was increased to 300 rpm 

10 in the condition Nos . 3 and 4 and to 400 rpm in the 

condition Nos. 5 and 6 in Table 5 in order to maintain 
the concentration of dissolved oxygen. 

As a result of culturing, increase in the amount of 
arachidonic acid produced by the addition of salts was 

15 confirmed. Furthermore, the effect of salt addition was 
also confirmed even when a large amount of nutrient 
sources was added and cultured at relatively high 
concentrations. 
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Example 6 . 

Mortierella alpina SAM1861 (FERM BP-3590) was used 
as a Mead acid-producing microorganism and Mortierella 

alpina SAM1860 (FERM BP-3589) was used as a dihomo-y- 
5 linolenic acid-producing microorganism. Each of four 

(2x2 strains) of culture media containing the initial 
concentrations of 2% glucose, 1*5% soy bean protein 
(manufactured by Ajinomoto Co. Ltd., Esusan Meat), 0.1% 
olive oil and the salts shown in Table 6 in 5 liters was 
10 prepared in a 10-liter fermentor, and the initial pH was 
adjusted to 6.0. One hundred milliliters of the liquid 
precultrue was inoculated thereinto and then was 

subjected to an aeration/agitation culture at 28 ""C, an 
aeration rate of 1.0 vvm, and an agitation speed of 300 
15 rpm for 8 days. The culturing temperature was reduced to 
2 0 °C on day 2. Using the fed-batch method, the glucose 
concentration was maintained at between 1% and 2%. 

As a result, the enhanced yield of Mead acid and 

dihomo-y-linolenic acid by the addition of salts was 
2 0 confirmed. 

Table 6 



Amount of KH2PO4 added 


0% 


0.3% (22 mM) 


Amount of MgCls-eHjO added 


0% 


0.05% (2.5 mM) 


Amount of NajSO^ added 


0% 


0.1% (7.0 mM) 


Amount of CaCl2-2H20 added 


0% 


0 . 05% (3.4 mM) 


Mortierella alpina SAM1861 
Amount of Mead acid produced 


1.52 g/L 


1.92 g/L 


Mortierella alpina SAM1860 

Amount of dihomo-y-linolenic 
acid produced 


2.06 g/L 


2.31 g/L 



Example 7 . 

25 Mortierella alpina CBS 754.68 was used as an 

arachidonic acid-producing microorganism. Six thousand 
liters of liquid culture medium containing the initial 
concentrations of 2% glucose, 4% edible soy bean protein, 
0.1% soy bean oil, 0.3% KH2PO4, 0.1% Na2S04, 0.05% 

30 MgCl2-6H20 and 0.05% CaCl2-2H20 was prepared in a 10- 



# 
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kiloliter fermentor, and the initial pH was adjusted to 
6.1. Thirty liters of the liquid precultrue was 
inoculated thereinto and then an aeration/agitation 

culture was initiated at 26 an aeration rate of 0.5 

5 vvm, an agitation speed of 30 rpm, and a fermentor 

internal pressure of 200 kPa. From day 1, culturing was 
continued with adjusting the aeration rate and the 
revolving speed to maintain the concentration of 
dissolved oxygen. Furthermore, 18% glucose was added in 
10 several portions from day 1 through day 5 of culturing. 

As a result of the aeration/agitation culture for 10 
days, the amount of arachidonic acid produced was 13 g/L. 

Reference to the microorganisms deposited under Rule 

13-2 

15 The international depository authority 

Name: the National Institute of Bioscience and Human- 
Technology, Agency of Industrial Science and 
Technology 

Address: 1-3, Higashi 1-chome, Tsukuba city, Ibaraki 
20 pref . , Japan 

Mircoorganism (1) 

Name: Mortierella elonaata SAM 0219 
Deposition date: March 19, 1986 
Deposition number: FERM BP-1239 
25 Mircroorganism (2) 

Name: Mortierella alpina SAM 1860 
Deposition date: September 30, 1991 
Deposition number: FERM BP-3589 
Microorganism (3) 
30 Name: Mortierella alpina SAM 1861 

Deposition date: September 30, 1991 
Deposition number: FERM BP-3590 



